This paper is concerned with the interpretation of isostatic recovery data in terms of the flow properties of the earth's mantle. A hydrodynamic analysis is first presented that allows straightforward calculation of the relaxation time for isostatic recovery within a mantle in which the viscosity varies continuously with depth. However, it transpires that no curve of this type (i.e., choice of a reference viscosity and a rate of change of viscosity with depth) can of itself adequately explain the available observational data from the Fennoscandian and Laurentide ice sheets and the pluvial Lake Bonneville. Proceeding onward it is then demonstrated that the strain rates within such flows are in fact greater than the critical strain rate envisaged by Weertman (1970) It is now recognized that the flow processes occurring within the mantle itself play a major role in quite a number of geological phenomena. For example, the large temperature differences across the mantle are believed to have established thermal convection cells in the asthenosphere, which are the driving mechanism for crustal warping, orogenics, and continental drift. Further, when the crust is locally relieved of a large mass, such as the ice sheets or pluvial lakes of the Pleistocene, the ice sheets will seek a new buoyancy equilibrium, a process known as isostatic recovery. The relaxation time TR for this process is clearly related to the viscous flow response in the mantle and therefore to its viscosity. All of these models presumed as did those of Heiskanen and Vening Meinesz that the mantle flowed like a Newtonian liquid. This assumption was given some credibility by the pioneering theoretical studies of Gordon [1965, 1967], who concluded that the flow process in the mantle was one of diffusion creep (Herring-Nabarro creep), in which the stress is indeed simply proportional to the strain rate. Moreover, the factor of proportionality, or viscosity, is a function of temperature. Hence on the basis of an estimated variation of temperature with depth Gordon predicted a rather dramatic increase of viscosity with depth in the mantle; a curve similar to that of Gordon (though it was actually taken from Weertman 3993
The conventional concept of the earth's crust envisages a firm outer layer, the lithosphere, which is about 100-300'km thick and is divided into individual tectonic plates. These plates float on the weaker asthenosphere, or mantle, which extends inward about 3000 km to a radius of about 3300 km from the earth's center. Inside of the mantle lies the molten liquid core.
It is now recognized that the flow processes occurring within the mantle itself play a major role in quite a number of geological phenomena. For example, the large temperature differences across the mantle are believed to have established thermal convection cells in the asthenosphere, which are the driving mechanism for crustal warping, orogenics, and continental drift. Further, when the crust is locally relieved of a large mass, such as the ice sheets or pluvial lakes of the Pleistocene, the ice sheets will seek a new buoyancy equilibrium, a process known as isostatic recovery. The relaxation time TR for this process is clearly related to the viscous flow response in the mantle and therefore to its viscosity. Indeed, detailed studies of isostatic recovery have been one of the primary means by which the viscosity of the upper mantle has been estimated.
Early analyses of isostatic recovery were based on the viscous flow solutions of Vening Meinesz [1937] , Haskell [1935, 1936, 1937] , Niskanen [1948] , and Heiskanenand Vening Meinesz [1958] , which assumed that the mantle flows like a Newtonian liquid and has a uniform viscosity. For an infinitely deep medium this assumption yielded the relation All of these models presumed as did those of Heiskanen and Vening Meinesz that the mantle flowed like a Newtonian liquid. This assumption was given some credibility by the pioneering theoretical studies of Gordon [1965 Gordon [ , 1967 , who concluded that the flow process in the mantle was one of diffusion creep (Herring-Nabarro creep), in which the stress is indeed simply proportional to the strain rate. Moreover, the factor of proportionality, or viscosity, is a function of temperature. Hence on the basis of an estimated variation of temperature with depth Gordon predicted a rather dramatic increase of viscosity with depth in the mantle; a curve similar to that of Gordon (though it was actually taken from Weertman [1970]) for a mantle viscosity based on diffusion creep is shown in Figure 1 . This is in apparent qualitative agreement with the models of McConnell; it also appeared to yield viscosities of the lower mantle that were in accord with the value of 1026 P suggested by Macdonald [1963] on the basis of the response of the earth's shape to the reduction in its rotational velocity.
However, it is now becoming increasingly apparent that such agreement is merely fortuitous. In a more recent and thorough theoretical study of flow processes in the mantle Weertrnan [1970] concludes that although diffusion creep may be the dominant process at very low strain rates, at higher strain rates the processes of dislocation climb and dislocation glide creep will take over. Since these are non-Newtonian in the sense that the strain rate is proportional to the stress to the third power (for dislocation glide), the viscosity becomes a function of strain rate. Further, the factor of proportionality is a function of temperature or, more precisely, the ratio of actual temperature to melting point temperature (T/TM). Hence based on a number of best guesses as to grain size etc., The intention of this paper is to reexamine the isostatic recovery data in the light of Weertman's model. It will be shown that the rapid increase of viscosity with depth inferred from the isostatic recovery data by McConnell [1968] and others is most probably an artifice caused by the Newtonian assumption. Briefly, the thesis examined in this paper is as follows: The nature of the flow due to isostatic recovery is such that the strain rate decreases fairly rapidly with depth. Moreover, a quantitative evaluation of these strain rates (given in the section on comparison of isostatic recovery data with Weertman's theory) indicates that these are greater than the critical values of Figure 2 . Hence the flow will experience an apparent increase of viscosity with depth simply because of the decreasing strain rate. It will be shown that the models of McConnell (Figure l) exhibit not a real increase in viscosity but rather this apparent increase; it will further be shown that an analysis of the isostatic recovery data that permits a strain rate dependent viscosity yields mantle viscosity prooe1es that are consistent with Weertman's theory.
We begin in the next section with the hydrodynamic solution for an isostatic recovery flow in a mantle in which the viscosity varies with depth in the following simple manner:
where #0 Clearly, if the quantities on the rightZhand side of (28) are independent of time, T• remains constant throughout the motion, and isostatic recovery is exponential. However, in the section on strain rates in isostatic recovery flows it will be demonstrated that a strain rate dependent viscosity leads to a time dependent u0 and hence to isostatic recovery that is no longer exi•onential. Nevertheless, at any instant in this motion, T• is still given by (28). TABLE IA 0  •  '   -TABLE lB   LAURENTIDE DATA TABLE IC   BONNEVILLE  DATA  TABLE  ! (Table 1) 
